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Abstract
Background: Age dependent susceptibility was observed in Chandipura virus (CHPV) infected
mice through intravenous and intraperitoneal route. Adult mice were susceptible only through
intracerebral route of infection. Immature neuron and some other biological variables including
immature immune system are considered to be important factor for age related susceptibility in
some diseases. As Chandipura virus infects both young and adult mice brain through intracerebral
route the role of immune system during peripheral infection in young susceptible mice needs to be
studied.
Results: Through intravenous route of infection the virus produces vireamia and cross the blood
brain barrier (BBB) to replicate in the central nervous system. Circulating virus is effectively cleared
by virus specific IgM antibody but replication in CNS continues. The infected mice secreted
significant amount of proinflammatory cytokines like TNFα and MCP-1 and high amount of IFNγ,
IL-1 and IL-6 at 24 h post infection. Reduction in significant amount of CD4, CD8 and CD19
positive cells at 72 h post infection (p < 0.000) was observed in infected mice. Suppression of T cell
proliferation of splenocytes to Con A (p < 0.000), LPS and specific antigen was also observed.
Presence of preformed virus specific antibody in the form of passive immunization completely
protected the mice but immunization on the day or after the virus infection could not completely
protect the mice.
Conclusion: Proinflammatory cytokines at 24 h post infection and reduction of CD4, CD8 and
CD19 positive immune cells might make the mice immune compromised during infection. These
cytokines might also increase the permeability of BBB to allow the virus to enter into CNS. Virus
replication in CNS is responsible for neurological symptom and mortality. Once virus gets
established in CNS it is difficult to protect the mice by passive immunization.
Background
The association of Chandipura virus with acute encepha-
litis outbreak in Andra Pradesh, Maharashtra and Gujarat
clearly attributed the disease potential of this virus [1,24].
Children below 15 years old were vulnerable but adults
were refractory to the infection. Symptoms of high grade
fever, vomiting, altered sensorium, generalized convul-
sions, decerebrate posture and grade IV coma was noticed
in hospitalised children. Children died within 48 h of
hospitalization. Age dependent susceptibility of Chan-
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authors [2-4]. Although age dependent susceptibility
noticed in several neurotropic viruses, including rhab-
doviurses, reoviruses, bunyaviruses, alphaviruses and fla-
viviruses [5-10], the mechanisms involving age dependent
resistance to fatal viral encephalitis have been largely
inconclusive. Studies on Semiliki forest virus, Sindbis
virus, Japanese encephalitis virus [11] and reovirus [12]
concluded that the neuronal maturation is a critical factor
for resistance to viral infection. Other biological variables
like maturation of the reticuloendothelial system [14],
development of anatomic barriers [15], changes in recep-
tor availability [16], potentiation of interferon (IFN) pro-
duction [17], acceleration of immune responses [18,19],
and decreases in systemic stress responses [20] are other
factors. Labrada et al, 2002 described that the novel inter-
feron inducible protective gene (ISG12) delay the Sindbis
virus induced death in neonatal mouse [21]. In a broad
sense the mechanism(s) might be either due to the host
immune response against the viral infection or the virus
tropism in central nervous system or combination of
both.
Chandipura virus is lethal to young mice by peripheral as
well as central route of infection but adult mice are sus-
ceptible only through central route of infection [3]. Thus
immature neuron is not a critical factor for Chandipura
virus pathogenesis. The role of immune response during
infection is not understood. Present study was undertaken
to understand role of innate, humoral and cell mediated
immune response in experimentally infected susceptible
mice through intravenous route of infection.
Results
Pathogenesis in mice
In blood at 24 h post infection (PI) the titer was log 7.25
± 0.045 then it was reduced to log 3.19 ± 0.7 at 72 h PI.
However in brain maximum titer was noticed at 72 h PI
(log7.85 ± 0.07) and then most of the mice died. Initially
at 24 h PI the titer in the brain was log 2.85 ± 0.85. At 48
h PI the titer in blood and brain was almost similar with
titer of 6.25 ± 0.97 and 7.25 ± 0.25 respectively (Fig. 1).
Chandipura virus infected susceptible mice the leaking of
Evan's blue dye in brain started from 24 h PI onwards. At
72 h PI the intensity was very high and indicated more
damage or permeability of BBB (Fig. 2).
Humoral immune response
Based on the cut off value (0.112) the IgM sero conversion
was noticed at 48 h PI with O.D. of 0.270 ± 0.05. At 72 h
PI the O.D. (1.526 ± 0.038) was significantly higher than
Virus titer in blood and brain from mice at different hours post infection (HPI)F gure 1
Virus titer in blood and brain from mice at different hours post infection (HPI). The serum and brain supernatant 
from infected as well as control mice was titrated in Vero E6 cells. The end point was determined by the reciprocal of highest 
dilution which showing CPE. The tissue culture infective dose 50 (TCID50) per ml (TCID50/ml) was calculated by Reed and 
Munch formula. The values are Mean ± SE of two experiments. Each experiment tissues were collected from three different 
mice from each group and processed separately.Page 2 of 11
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samples were negative for Chandipura virus specific IgG
antibody.
The mice immunized with anti Chandipura antibody 24
h before virus infection survived with no gross symptom.
Partial protection around 20–30% was observed in mice
simultaneously infected as well as immunized. Those
mice that escaped death showed neurological symptom
like hind limb paralysis. The passive immunization could
not protect the mice immunized 24 h PI (Fig. 4).
Blood Brain Barrier damage of mice infected with virus by Evan's Blue dye exclusion testFigure 2
Blood Brain Barrier damage of mice infected with virus by Evan's Blue dye exclusion test. Inclusion of blue colour 
dye in the brain indicated the increase permeability or damage of BBB. The picture showed here was selected brain from differ-
ent hours post infection of three experiments.
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A490 of Chandipura specific IgM in sera at different hours post infection (HPI)Figure 3
A490 of Chandipura specific IgM in sera at different hours post infection (HPI). The level of IgM in the sera was 
determined by mouse IgM capture ELISA. The values are optical density (O.D) at 490 nm wave length. The serum from three 
mice of infected as well as uninfected mice was processed separately in each post infective hours. The values are Mean ± SE of 
three experiments. Cut off value derived from mean O.D of age matched uninfected control mice plus 3 SD. *p < 0.05
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The percentage of CD4+ cells in infected mice at 24 h PI
was significantly lower than uninfected control mice
(23.41 ± 3.16 vs 46.28 ± 4.01). Similarly severe reduction
was noticed (17.2 ± 2.74 vs 51.9 ± 3.4) at 72 h PI. In CD8+
cell significant reduction was noticed in variably in all PI
days (p < 0.05). The values ranging from 1.62 ± 0.21 at 24
h PI to 2.785 ± 1.735 at 72 h PI compared to the control
which was 12.06 ± 0.48 at 24 h PI to 11.77 ± 0.6 at 72 h
PI. In CD19+ cells significant reduction was noticed at 48
h (6.73 ± 0.34 vs 13.45 ± 0.34) and 72 h PI (2.75 ± 0.415
vs 12.61 ± 0.915) (Fig. 5).
Significant antigen specific suppression of T cell prolifera-
tion was noticed in the splenocytes from infected mice at
72 h PI compared to the control (Stimulation Index (SI)
0.057 ± 0.017 vs 0.129 ± 0.026). Similarly Con A medi-
ated suppression of T cell proliferation was noticed at 48
h and 72 h PI with SI of 1.363 ± 0.14 vs 3.147 ± 0.216 and
0.22 ± 0.098 vs 6.336 ± 0.33 respectively. The suppression
was highly significant (p < 0.000). Significant LPS medi-
ated suppression was noticed at 24 h PI (SI 0.017 ± 0.028
vs 0.251 ± 0.026) (Fig. 6).
Innate immune response
At 24 h PI significant (p < 0.05) quantity of TNFα was
noticed (44.42 ± 6.64) and it was reduced to 12.4 ± 0.93
at 72 h PI. Similar pattern was also noticed in MCP-1 with
2815.9 ± 177.48 pg/ml at 24 h PI and 104.46 ± 19.71 pg/
ml at 72 h PI. At 24 h PI quantity of cytokines like IFNγ,
IL-10 and IL-6 (277.25 ± 95.32, 48.72 ± 20.50 and 52.55
± 17.90) were very high compared to the other post infec-
tive hours. In contrary IL-12p70 was high at 72 h PI
(10.69 ± 7.4) (Fig. 7).
Discussion
In young mice through intravenous injection this virus
crosses the BBB and infects the CNS. In this study we
observed high virus titer at 72 h PI in brain and death
occurred between 72 and 96 h PI. Jortner et al (1972)
reported rising viral titers in blood, skeletal muscle and
viscera, beginning 3 to 6 h PI of intra peritonealy (I/P)
inoculated 9-day old mice, significant quantities of virus
Survival pattern of mice passive immunized with chandipura virus specific antibodyFigure 4
Survival pattern of mice passive immunized with chandipura virus specific antibody. Mice in group were immu-
nized with rabbit anti Chandipura antibody at different time point viz before infection, along with infection and after infection. 
The immunization was continued upto 72 h PI. Virus control without immunization and uninfected control was also kept along 
with immunized group. The survivabilty was observed for 8 days post infection. The graph is representative of three independ-
ent experiments.Page 4 of 11
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Percentage of CD4, CD8 and CD19 positive cells in blood of infected as well as control mice at different hours post infection (HPI)Figure 5
Percentage of CD4, CD8 and CD19 positive cells in blood of infected as well as control mice at different hours 
post infection (HPI). Total 10000 cells were acquired and lymphocyte population was gated in FSC vs SSC dot plot. From 
the gated population the percentage of CD4, CD8 and CD19 positive cell were calculated by cell quest software. The values 
are Mean ± SE of three independent experiments. Each experiments two mice from infected and control mice were processed 
separately. *p < 0.05, **p < 0.01, ***p < 0.000.
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Stimulation index (SI) of splenocytes from infected and control mice stimulated with Concanavalin A, LPS and BPL inactivated viral an genFigure 6
Stimulation index (SI) of splenocytes from infected and control mice stimulated with Concanavalin A, LPS and 
BPL inactivated viral antigen. The end point was determined by colorimetric MTT dye reduction test. The stimulation 
index was calculated by O.D of stimulated-O.D of unstimulated/O.D. of unstimulated. The stimulation index with difference of 
two from control mice was kept as a cut off value. Those mice showing cut off value above than control mice was considered 
proliferation and the value below two was considered as suppression. The values are Mean ± SE of two independent experi-
ments. Each experiment two individual spleen from infected and control mice was processed separately. *p < 0.05, *** p < 
0.000.
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Level of proinflammatory cytokines (TNFα, IFNγ, MCP-1, IL-6, IL-10 and IL-12p70) in plasma of mice at different hours post infecti n (HPI)Figure 7
Level of proinflammatory cytokines (TNFα, IFNγ, MCP-1, IL-6, IL-10 and IL-12p70) in plasma of mice at differ-
ent hours post infection (HPI). At various time point three mice from both infected as well as control mice were bled intra 
orbitaly in EDTA. The plasma was separated by centrifugation and 50 μl was used for quantitation of cytokines. The cytokines 
were quantitated by using mouse inflammatory beads assay. The sensitivity of this assay is 0–5000 pg/ml. The values are Mean 
± SE of three experiments. Each experiment plasma from three mice was processed separately at different post infective hours. 
*p < 0.05, **p < 0.01, *** p < 0.000.
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and death between 72 and 96 h PI.
In blood rapid replication of virus with maximum titer at
24 h PI was noticed. However the titer declined at 72 h PI.
Simultaneously the IgM also was noticed in blood. The
production of virus specific IgM at 48 h PI correlates with
clearance of virus from the circulation. The rising anti-
body level in blood did not correlate with clearance of
virus from the CNS. The same phenomenon was also
observed in Semiliki forest virus infection in mice [26].
The authors described that IgM antibody control vireamia
but are unable to eliminate the CNS infection. In infected
mice the preformed antibody in the circulation by passive
immunization protected the mice by neutralizing the
virus. The passive immunization at 24 h PI did not help to
protect the mice. Because virus in brain at 24 h PI indi-
cated that the virus might crosses the BBB within 24 h PI.
The antibody might not penetrate enough to deep into the
CNS to clear the virus from neuron. When the mice were
infected with virus simultaneously immunized with anti-
body the protection was partial. This might be due to the
intra peritonealy delivered antibody may take time to
reach the circulation to clear the virus. It was concluded
that once the virus enters the CNS, antibody may not
effective to control the pathogenesis. After several experi-
ments still we couldn't get consistent results of BBB per-
meability by Evan's blue dye exclusion test. This might be
due to transient changes in BBB during infection. These
permeability changes in BBB might be contributed by sev-
eral factors during infection. Proinflammatory cytokines
are one of the main factor indicated in several studies
especially TNFα [27,28]. In this study we observed that at
24 h PI presence of high quantity of proinflammatory
cytokines like TNFα, IFNγ, IL-6, IL-10 and MCP-1 in the
plasma. These cytokines might play a role in increases the
permeability of BBB to allow the virus into the CNS.
For viruses, efficient elimination of the infection requires
a proinflammatory host response and development of
Type I immunity [29,30]. Cytokines act both destructive
and protective agents in virus infection. The reduction in
CD4+, CD8+ and CD19+ cells at 72 h PI might be due to
the high secretion of these proinflammatory cytokines.
Role of these cytokines involved in apoptosis of lym-
phocytes were well described by several authors. In sea-
sonal influenza and H5N1 infection, macrophages and
alveolar cells produce high level of inflammatory
cytokines leading to the apoptosis of lymphocytes
[31,32]. Laboratory study on mice also confirmed this
result [33]. Bennet et al, 2001 in their research concluded
that TNFα enhanced the Fas mediated apoptosis of unac-
tivated T cells through decrease intracellular levels of FLIP
and increased production of proapoptotic molecules like
Bax. This effect was mediated through TNFR2 receptor
[34]. TNF signalling through TNFR2 sensitize lymphoid
cells for Fas mediated apoptosis. TNFα mediated reduc-
tion of lymphocytes also reported in disease like Feline
infectious peritonitis, African swine fever, HIV etc [35-37].
Secretion of TNFα is also reported in clinical human case
of Chandipura virus [40].
This reduction of lymphocyte along with other factors like
secretion of proinflammatory cytokines during infection
might leads to suppression of T cell proliferation. In acute
toxoplama infection the secretion of IFNγ and IL-10
involved significantly the Con A and toxoplasma antigen
mediated suppression of lymphocytes [38]. In Lym-
phocytic choriomeningitis virus (LCMV) in mice it was
concluded that T-lymphocyte unresponsiveness should be
related to an inherent proliferative defect subsequent to T-
cell activation and IL-2 receptor expression [39]. Mecha-
nism behind the suppression of T cell proliferation is still
inconclusive.
Conclusion
From this study we concluded that the secretion of high
quantity of proinflammatory cytokines in mice during
infection might leads to pathogenesis. Early production of
IgM could clears the virus from circulation but its inability
of clear the virus from CNS paves the way for uninter-
rupted replication in brain. This leads to neuropathology
and mortality. Once the virus entered the CNS even pas-
sive immunization may not protect the mice. Inhibition
of specific cytokines like TNFα or overall inhibition of
these cytokines might help to reduce the pathogenesis.
Methods
Virus
Chandipura virus isolate 03-4267, originally isolated in
2003 in Andra Pradesh, India. The virus was propagated
in Vero E6 cells. The titer of virus was found to be 107
TCID50 per ml.
Animal experimentation
Young Swiss albino mice always kept along with mother
upto weaning (16 day) for milk feeding. Each group con-
sists of eight young once along with mother. The group of
mice in the age of 13–14 day old was used in all the exper-
iments. All the experiments carried out with proper per-
mission obtained from Institute Animal Ethical
Committee (IAEC). The mice were experimentally
infected with 50 μl of Chandipura virus through intra
venous (I/V) route. The control mice were injected with
PBS. Blood and brain was collected at 0, 24, 48 and 72 h
PI. Mice were perfused transcardially with 20 ml of PBS
(pH 7.4) and the brain was collected and frozen immedi-
ately at -80°C until use. Blood was collected intra orbitaly
before sacrifice and the sera were separated and frozen for
further use. Plasma was separated by centrifugation fromPage 8 of 11
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freeze thawed and 10% suspensions in PBS were prepared
by homogenization. The homogenized suspension was
clarified at 3000 rpm for 10 min and the supernatant was
used for titration.
Titration of virus in blood and brain
Tenfold dilution of sera and brain suspensions were pre-
pared in serum free DMEM medium. Confluent monol-
ayer of Vero E6 cells in 96 well flat bottom microtiter plate
was infected in triplicate for each dilution. The plate was
incubated at 37°C with 5% CO2 tension. At 48 h PI, the
plate was stained with 0.1% crystal violet in formal saline
and the virus titer was expressed as TCID50/ml [22].
Assay of blood brain barrier integrity
BBB integrity was checked with Evan's blue dye exclusion
test [23]. Briefly at different time point's three mice from
infected as well as control groups were injected intrave-
nously with 100 μl of 2% Evan's blue (Sigma) in PBS. One
hour later, mice were sacrificed and transcardially per-
fused with 20 ml of normal saline. Brains were removed
and photographed.
IgM and IgG kinetics
IgM and IgG capture ELISA was done following procedure
similar to the IgM capture ELISA used for human [24].
With only modification that coating was done with anti
mouse IgM and Goat anti mouse IgG (γ chain specific)
(Calbiochem) was used as a capture antibody for IgG cap-
ture ELISA. The cut off value was set by average plus 3
standard deviation of O.D from uninfected negative con-
trol mice. The O.D above cut off value was considered to
be positive.
Passive immunization
Mice were divided into five groups. Group I mice received
50 μl of rabbit anti Chandipura antibody (Neutralizing
titer of 10240) through I/P route at 24 h before infection.
Group II mice received antibody on that day of infection
and group III mice received at 24 h PI. Group IV mice were
kept as a virus control and group V was kept as a PBS con-
trol. Antibody treatment was followed upto 72 h PI invar-
iably in all group of mice except virus control. All mice
were infected with virus through I/V route. The mortality
pattern was observed for 8 days PI.
Staining for analysis of cell phenotype
Phenotypes of cells were determined by using mono-
clonal antibodies (Mab) against CD4, CD8 and CD19
receptors (BD Pharmingen, eBioscience). Antibodies were
conjugated to various fluorochrome like fluorecein isothi-
ocyanate (FITC), phycoerythrin (PE), or PE cyanine5.5
conjugate, and corresponding immunoglobulin G (IgG)
matched isotype control antibodies were used to set base-
line values for analysis markers. For surface staining,
appropriate concentration of combinations of multible
Mabs were mixed with cells and treated as described by
the manufacturer (BD Pharmingen).
Flowcytometry analysis
Acquisition and analysis were done using FACScalibur
(BD Bioscience). For analysis of lymphocytes forward ver-
sus side scatter was used for gating. Acquisition and anal-
ysis were performed using cell quest software (BD
Bioscience).
Lymphocyte Transformation Test
Splenocyte single cell suspension was prepared by pipet-
ting the spleen in 5 ml of RPMI 1640 supplemented with
10% FCS, 25 mM HEPES and 5 × 10-5 M β-mercato etha-
nol and layered on to the histopaque (1.083 gm/ml)
(Sigma). The mononuclear cell population was removed
after centrifugation and washed twice in RPMI 1640. The
cell concentration was adjusted to 1 × 106/ml in RPMI
1640 medium. One hundred of diluted cell suspension
was dispensed into 96-well flat bottom culture plate.
Mitogens Concanavalin A (Con A) and lipopolysaccaride
(LPS)(Sigma) derived from E. coli and BPL inactivated
Chandipura virus antigen were added 0.1 μg, 0.01 μg and
0.2 μg final concentration respectively in specified wells.
After incubation of 72 h at 37°C with 5% CO2, the prolif-
eration was determined by MTT dye reduction method
[25]. Briefly, 10% of (3-(4, 5 diamethyl-2-thiazolyl) 2,5-
diphenyl-2H-tetrazolium) (MTT) (5 mg/ml) was added to
each well and plates were incubated at 37°C in CO2
humid atmosphere for 4 h. The blue formazan precipitate
was dissolved in 20% SDS in 50% DMF and its optical
density was measured in 540 nm and a reference wave-
length of 650 nm using ELISA Reader (Biorad). Each
mitogen and the antigen were tested in quadruplicate
wells. The stimulation index (SI) was calculated by the fol-
lowing equation:
Proliferation = [(Stimulated OD - Unstimulated OD)/
Unstimulated OD]
The stimulation index of two differences between control
and infected mice was considered as a cut off value. Those
mice showing cut off value above than control mice was
considered proliferation and the value below was consid-
ered as suppression.
Cytometric Bead assay (Mouse pro inflammatory 
cytokines)
The level of IL-12p70, TNFα, IFNγ, MCP-1, IL-10 and IL-6
cytokines in the plasma was quantitated by Cytometric
Bead assay for Mouse inflammatory cytokines according
to the manufacurer's instructions (BD pharmingen). The
minimum to maximum sensitivity of this assay is 0–5000Page 9 of 11
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tated from 50 μl of undiluted plasma. The quantity of dif-
ferent cytokines in plasma was compared with uninfected
age matched control and expressed as pg/ml.
Statistical analysis
Antibody kinetics was analysed by Mann-Whitney rank
test. Level of different immune cells in blood, cytokines
and proliferation of lymphocytes between control and
infected mice were analysed by student's t-test. The p val-
ues were mentioned in respective places.
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